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(57) ABSTRACT

A multi-chup package includes first through Nth semiconduc-
tor chips, each of which includes an 1nput/output pad, an
input/output driver coupled to the mput/output pad, and an
internal circuit. Each of the first through Nth semiconductor
chips includes an internal pad for coupling the internal input/
output driver and the internal circuit. The input/output pad of
the first semiconductor chip directly receives an input/output
signal via a corresponding pin of the multi-chip package. The
second through Nth semiconductor chips indirectly receive
the input/output signal via the internal pads coupled to each
other. The multi-chip package can improve signal compat-
ibility by maintaining a parasitic load of a pin to at least the
level of a single chip, when a signal 1s transmuitted to the pin at
high speed.

20 Claims, 12 Drawing Sheets
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MULTI-CHIP PACKAGE FOR REDUCING
PARASITIC LOAD OF PIN

CROSS REFERENCES TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of U.S. patent
application Ser. No. 11/589,192, filed on 30 Oct. 2006, and
1ssued on 28 Jul. 2009 as U.S. Pat. No. 7,566,958, which 1s in
turn a divisional of U.S. patent application Ser. No. 10/722,
159, filed 26 Nov. 2003 and 1ssued as U.S. Pat. No. 7,148,563,
the contents of each of which application are hereby 1ncor-
porated by reference 1n their entirety for all purposes as it
tully set forth herein, and claims priority under 35 U.S.C.
§119 from Korean Patent Application No. 2002-73805, filed
on Dec. 2, 2002, the contents of which are hereby incorpo-
rated by reference 1n their entirety as 11 fully set forth herein.

BACKGROUND AND SUMMARY

1. Technical Field

The present invention relates to multi-chip packages, and
more particularly, to a multi-chip package which can mini-
mize the parasitic load of a package pin by adjusting the
number of chips coupled to the package pin.

2. Description

In recent years, multi-chip package techniques for mcor-
porating several memory chips into a single package have
been widely used to increase memory capacity. However, in
typical multi-chip packages, a parasitic load of a package pin
1s proportional to the number of embedded memory chips. An
increased parasitic load impedes high-speed transmission of
signals input to the package pin. Accordingly, it 1s imperative
tor the multi-chip packages to reduce the parasitic load of the
package pin to at least the level of the parasitic load of a single
chip.

FI1G. 1 1s a diagram of a memory bus coupled to N memory
modules, each of which includes a memory device.

Referring to FIG. 1, N memory modules MMI,
MM2, . .., and MMN are mounted on N memory slots
SLOT1, SLOT2,...,SLOTIN. Each of the memory modules
MM1, MM2, . .., and MMN includes a memory device M1,
M2, . .., and MN, respectively. In FIG. 1, C represents an
input capacitance of each of the memory modules MM,

MM?2, ..., and MMN.

High-performance memory systems are required to con-
nect more memory per channel and simultaneously transmit
signals faster. The amount of memory connected to one chan-
nel 1s limited 1n order to transmit signals at high speed.

The memory bus of FIG. 1 has an mput capacitance of
NxC, and the capacitance has the same eflect as a load on
signal transmission. That 1s, as N increases, 1t becomes difli-
cult to transmit signals at high speed. In a typical stub-type
memory bus, the number of slots for mounting memory mod-
ules 1s limited to four or less.

In general, while the number of memory slots 1s limited, to
secure maximum memory capacity a memory module 1s
manufactured by stacking several packages, or mounting sev-
eral chips 1n a single package.

However, even if a stacked package or a multi-chip pack-
age 1s used, 1n a case that requires an increased transmission
rate of signals, it 1s still difficult to transmit signals at high
speed due to the entire load of signal transmission lines. Also,
to secure signal compatibility, packages such as multi-chips
may not be used and the number of memory slots 1s more
strictly limited.
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FIG. 2 1s a diagram of a memory bus, in which the number
of memory slots 1s limited to two.

Referring to FI1G. 2, a first memory module MM1 1ncludes
two multi-chip devices M1 and M2, each of which includes
two semiconductor chips. A second memory module MM2
includes two multi-chip devices M3 and M4, each of which
also 1ncludes two semiconductor chips. Thus, the memory
bus of FIG. 2 has an mput capacitance of 8xC.

FIG. 3 1s a diagram 1illustrating signal compatibility 1n
relation to operations of the memory bus of FIG. 2.

In FIG. 3, the horizontal axis 1s the time axis and the
vertical axis 1s the voltage axis.

It can be seen that both the first and second slots SLOT1
and SLOT2 exhibit low signal compatibility for write and
read operations.

FIG. 4 1s a diagram of a memory bus, in which the number
of memory chips 1s reduced when compared to the memory
module of FIG. 2.

FIG. 5 1s a diagram 1illustrating signal compatibility 1n
relation to operations of the memory bus of FIG. 4.

Referring to F1G. 4, a first memory module MM1 1ncludes
only two semiconductor chips M1 and M2, and a second
memory module MM2 also includes only two semiconductor
chips M3 and M4. Thus, the memory bus of FIG. 4 has an
input capacitance of 4xC.

Retferring to FIG. 5, when the mnput capacitance of the
memory bus in FIG. 4 1s reduced compared to the nput
capacitance of the memory bus 1n FIG. 2, then the signal
compatibility 1s improved. Therefore, minimizing the para-
sitic load of a package pin improves the signal compatibility
in a memory bus where signals are transmitted at high speed.

The present invention provides a multi-chip package which
can minimize the parasitic load of a package pin and improve
signal compatibility 1n a memory bus using memory modules
supporting multiple semiconductor chips.

In accordance with one aspect of the present invention, a
multi-chip device comprises: a package including a plurality
of terminals; N semiconductor chips, each of which includes
an mput/output pad and an internal pad; and one or more first
connectors, each first connector coupling the internal pad of
one of the N semiconductor chips to the internal pad of
another one of the N semiconductor chips. The input/output
pad of a first one of the N semiconductor chips directly
receives an mput/output signal transmitted via a correspond-
ing one of the terminals of the package, and a remaining
(N-1) of the N semiconductor chips indirectly recerve the
input/output signal via the internal pads.

In accordance with another aspect of the present invention,
a multi-chip device comprises: a package including a plural-
ity ol terminals; N semiconductor chips, each of which
includes an input/output pad and an 1nternal pad; and at least
one first connector or second connector, each said connector
coupling the internal pad of one of the N semiconductor chips
to the internal pad of another one of the N semiconductor
chips. The first connector includes a first bump, and the sec-
ond connector includes a second bump and a Through Silicon
Via (TSV). The mput/output pad of a first one of the N
semiconductor chips directly receives an iput/output signal
transmitted via a corresponding one of the terminals of the
package, and a remaining (N-1) of the N semiconductor
chips indirectly recerve the input/output signal via the internal
pads.

In accordance with still another aspect of the present inven-
tion, a multi-chip device comprises: a package including a
plurality of terminals; N semiconductor chips, each of which
includes an mput/output pad and an internal pad; and one or
more first connectors, each first connector coupling one of the
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internal pad and the mput/output pad of one of the N semi-
conductor chips to one of the internal pad and the input/output
pad of another one of the N semiconductor chips. The mput/
output pad of a first one of the N semiconductor chips directly
receives an mput/output signal transmitted via a correspond-
ing one of the terminals of the package. The internals pads of
another X of the N semiconductor chips indirectly receive the
input/output signal, and a remaining (N-X-1) of the N semi-
conductor chips indirectly receive the input/output signal via
the input/output pads.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and advantages of the present invention
will become more apparent by describing 1n detail exemplary
embodiments thereof with reference to the attached drawings
in which:

FIG. 1 1s a diagram of a memory bus coupled to n memory
modules, each of which includes memory;

FIG. 2 1s a diagram of a memory bus, 1n which the number
of memory slots 1s limited to 2;

FIG. 3 1s a diagram illustrating signal compatibility in
relation to operations of the memory bus of FIG. 2;

FI1G. 4 1s a diagram of a memory bus, in which the number
of memory chips 1s reduced as compared to the memory
module of FIG. 2;

FIG. 5 1s a diagram 1llustrating signal compatibility in
relation to operations of the memory bus of FI1G. 4;

FIG. 6 1s a diagram of a multi-chip package according to a
first embodiment;

FIG. 7 1s a diagram of an example of a method of connect-
ing semiconductor chips in the multi-chip package of FIG. 6;

FIG. 8 1s a diagram of another example of a method of
connecting semiconductor chips 1n the multi-chip package of
FIG. 6;

FI1G. 9 1s a diagram of a multi-chip package according to a
second embodiment;

FIG. 10 1s a diagram of a multi-chip package according to
a third embodiment; and

FI1G. 11 1s a diagram of a multi-chip package according to
a Tourth embodiment.

FIG. 12 1s a diagram of a third example of a method of
connecting semiconductor chips in a multi-chip device;

FIG. 13 1s a diagram of a fourth example of a method of
connecting semiconductor chips in a multi-chip device;

FIG. 14 1s a diagram of a fifth example of a method of
connecting semiconductor chips in a multi-chip device;

FIG. 15 1s a diagram of a sixth example of a method of
connecting semiconductor chips 1 a multi-chip device;

FIG. 16 1s a diagram of a seventh example of a method of
connecting semiconductor chips i a multi-chip device.

DETAILED DESCRIPTION

The present mvention will now be described more fully
with reference to the accompanying drawings, in which
embodiments of the invention are shown. The same reference
numerals 1n different drawings represent the same element.

FIG. 6 1s a diagram of a multi-chip package according to a
first embodiment.

The multi-chip package 600 of FIG. 6 includes first
through Nth semiconductor chips CHIP1, CHIP2, . . ., and
CHIPN. Here, N 1s a natural number. The first semiconductor
chup CHIP1 includes input/output pads DQP11 and DQP12,
an mput/output driver IOD11 coupled to the imnput/output pad
DQP11, and an internal circuit ICT1. The first semiconductor
chup CHIP1 includes circuits 610 and 640, which transmat
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signals to the internal circuit ICT1 via the input/output driver
I0D11. The configuration of each of the second through Nth

semiconductor chips CHIP2-CHIPN 1s identical to that of the
first semiconductor chip CHIP1.

Operations of the first semiconductor chip CHIP1 will be
described hereinaiter. An input/output signal 10S 1s transmiut-
ted to the first semiconductor chip CHIP1 via the input/output
pad DQP11 and the input/output driver IOD11. Here, when a
chip selection signal CS 1s set at a high level and transmaitted
via the input/output pad DQP12 and an input receiver IR11,
the chip selection signal CS 1s sent to a transmission gate 610
directly and via an mverter 640, and then the transmission
gate 610 1s turned on. Then, the mput/output signal IOS 1s
transmitted to a register 670 of the internal circuit ICT1.

Operations of each of the second through Nth semiconduc-
tor chips CHIP2-CHIPN are the same as those of the first
semiconductor chip CHIP1. Therefore, a description of those
operations will be omitted here for brevity.

Each of the first through Nth semiconductor chips CHIP1-
CHIPN i1ncludes internal pads 1P11, 1P21, . . . , and IPNI1,
which couple internal input/output drivers I10D11,
I0D21, . . . , and IODN1 with internal circuits ICT1,
ICT2, ...and ICTN. The internal pads IP11, IP21, . . ., and
IPN1 of the first through Nth semiconductor chips CHIP1-
CHIPN are coupled to each other via a common pad (not
shown) installed at a substrate. The common pad (not shown)
will be described later with respect to 1n FIG. 7. While the
internal pads IP11, IP21, . . ., and IPN1 can be coupled by
wire bonding, any other method of transmitting signals 1s also
possible.

The mput/output pad DQP11 of the first semiconductor
chuip CHIP1 directly recerves the input/output signal 10S
transmitted via a corresponding pin (not shown) of a multi-
chip package 600. Also, the input/output pad DQP11 of the
first semiconductor chip CHIP1 1s bonded to an external pin
(not shown) of the multi-chip package 600.

The second through Nth semiconductor chips CHIP2-
CHIPN indirectly receive the input/output signal 1I0S via the
internal pads IP11,I1P21, ..., and IPN1, coupled to each other,

without passing through the outside of the multi-chip package
600.

In the conventional multi-chip package, all of the mput/
output signals are transmitted via the iput/output pads of
cach semiconductor chip. However, in the multi-chip package
600, to minimize the parasitic load of a package pin, the
iput/output signal 10S 1s transmitted only to one of the
semiconductor chips, 1.e., the first semiconductor chip
CHIP1. Because the mput/output signal 10S 1s transmitted
only to the input/output pad DQP11 of the first semiconductor
chuip CHIP1, the parasitic load of the multi-chip package 600
1s the same as the parasitic load of a single semiconductor
chip.

The chip selection circuit CS 1s coupled to the input/output
pads DQP12, DQP22, and DQJPN2 1n the same manner as that
of a typical multi-chup package. The parasitic load of the
package pin recerving the chip selection signal CS 1s affected
by all the N semiconductor chips CHIP1-CHIPN. Unlike with
the input/output signal 10S, the parasitic load increases
N-fold and signals can be simultaneously transmitted from
the outside to the first through Nth semiconductor chips
CHIP1-CHIPN.

In general, even if the parasitic load of the pin recerving the
chip selection signal CS increases N-fold, as the parasitic load
of a pin recerving the chip selection signal CS 1s less than that
of a pin recerving the mput/output signal 10S, operations of
the multi-chip package 600 are performed without errors.
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In the multi-chip package 600 of FIG. 6, the Nth semicon-
ductor chip CHIPN indirectly receives the imnput/output signal
IOS wvia the first through (N-1)th semiconductor chips
CHIP1-CHIP(N-1). Therefore, 1t may take a longer time for
the input/output signal 1IOS to arrive at the internal circuit

ICTN of the Nth semiconductor chip CHIPN than at the
internal circuit ICTT of the first semiconductor chip CHIP1.

To solve this problem, each of the semiconductor chips
CHIP1-CHIPN may include a delay circuit (not shown)
capable of selectively delaying transmission time of the mnput/
output signal I0S, so that each of the first through (N-1)th
semiconductor chips CHIP1-CHIP(N-1) receives the mput/
output signal IOS at the moment the internal circuits ICT1-
ICTN of the Nth semiconductor chip CHIPN receive the

input/output signal 10S.

FI1G. 7 1s a diagram of an example of a method of coupling
semiconductor chips 1n the multi-chip package of FIG. 6.

FI1G. 7 1llustrates only the first and second semiconductor
chuips CHIP1 and CHIP2. The coupling method will be
described using the first and second semiconductor chips
CHIP1 and CHIP2.

The first and second semiconductor chips CHIP1 and
CHIP2 include the internal pads IP11, IP12, IP13, IP14, IP15,

IP21, 1P22, IP23, 1P24, and IP23, which can be coupled by
bonding for enabling signal transmission. When a pad 1s
installed at an edge of a semiconductor chip, additional re-
interconnection processes are not needed. However, when the
pad 1s installed 1n the center of the semiconductor chip, a pad
coupled to the central pad should be disposed again at the
edge of the semiconductor chip.

The internal pads IP11, IP12, IP13, IP14, IP15, 1P21, IP22,
IP23, IP24, and IP25 are coupled to each other via common
pads SSP1, SSP2, SSP3, SSP4, and SSP5 of a substrate. That
1s, the first internal pad IP11 of the first semiconductor chip
CHIP1 and the first internal pad IP21 of the second semicon-
ductor chip CHIP2 are commonly bonded to the first common
pad SSP1. In the same manner, the second internal pad 1P12
of the first semiconductor chip CHIP1 and the second internal
pad IP22 of the second semiconductor chip CHIP2 are
bonded to the second common pad SSP2, efc.

The first input/output pad DQP11 of the first semiconduc-
tor chip CHIP1, to which the input/output signal 1I0S 1s
applied, 1s coupled to a pad SDQP1 of the substrate, and the
pad SDQP1 1s coupled to an external pin or ball of the multi-
chip package.

The method of coupling the internal pads of the first and
second semiconductor chips using the common pads SSP1,
SSP2, SSP3, S5P4, and SSPS 1s applicable when the mput/
output signal IOS 1s transmitted at a low speed. However,
when the mput/output signal 10S 1s transmitted at a high

speed, a delay may be caused by the wire. Such a problem can
be solved by the method of FIG. 8.

FIG. 8 1s a diagram of another example of a method of

coupling semiconductor chips in the multi-chip package of
FIG. 6.

FI1G. 8 1llustrates a tlip chip structure, 1n which a semicon-
ductor chip 1s installed on another semiconductor chip. Pads
other than the internal pad IP are coupled to a pad SDQP,
which may be coupled by wire bonding. The lower semicon-
ductor chip CHIP1 1s coupled to a bonding finger (not shown)
of the package by using wire bonding and thereby coupled to
a terminal of the package.

Since the iternal pad IP 1s not coupled to the terminal of
the package, 1t 1s not coupled to the wire-bonded pad SDQP.
To embody the same semiconductor chip into the flip chip
structure, positions of bumps should be symmetrical.
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FIG. 9 1s a diagram of a multi-chip package according to a
second embodiment.

FI1G. 9 1llustrates a multi-chip package, in which the input/
output signal IOS 1s directly transmitted to a semiconductor
chip CHIP1 and indirectly transmitted to a semiconductor
chuip CHIP2 by using internal pads IP11 and IP21, while other
signals are directly input to each of the semiconductor chip
CHIP1 and CHIP2.

More specifically, like the multi-chip package 600 of FIG.
6, the multi-chip package 900 of FIG. 9 includes an input/
output pad DQP11 and internal pads IP11 and IP21. The
input/output signal 10S 1s transmitted to the semiconductor
chips CHIP1 and CHIP2 via the imput/output pad DQP11 and
the internal pads IP11 and IP21. Also, predetermined external
signals EXS1 and EXS2 are applied to each of the semicon-
ductor chips CHIP1 and CHIP2 via direct input/output pads
DQP12, DQP13, DQP21, and DQP22 on the semiconductor
chuips CHIP1 and CHIP2. The external signals EXS1 and
EXS2 are mput via corresponding pins (not shown) of the
multi-chip package 900.

In the second embodiment, the multi-chip package 900 can
select signals transmitted to the semiconductor chips CHIP1
and CHIP2 using the internal pads IP11 and IP21.

That 1s, address signals and commands, which cause a
small parasitic load to a package pin or are not restricted by a
transmission rate, are transmitted to the semiconductor chips
CHIP1 and CHIP2 using the direct input/output pads DQP12,
DQP13, DQP21, and DQP22. By comparison, signals such as
the 1nput/output signal 1I0S, which cause intense parasitic
load to a package pin or require high-speed transmission, are
applied to the semiconductor chips CHIP1 and CHIP2 by
using the internal signals IP11 and IP21.

FIG. 10 1s a diagram of a multi-chip package according to
a third embodiment.

Referring to F1G. 10, the multi-chip package 1000 accord-
ing to the third embodiment comprises first through Nth semi-
conductor chips CHIP1, CHIP2, and CHIP3, each of which
includes first through 3rd input/output pads DQP11, DQP21,
and DQP31, first through Nth imput/output drivers (not
shown) coupled to the mnput/output pads DQP11, DQP21, and
DQP31, and an mternal circuit (not shown).

Each of the first through 3rd semiconductor chips CHIP1,
CHIP2, and CHIP3 includes first through 3rd internal pads
P11, IP12, IP13, 1P21, 1P22, 1P23, 1P31, IP32, and IP33,
which couple the internal mput/output drivers (not shown)
and the internal circuit (not shown). The first through 3rd
internal pads IP11, IP12, and IP13 of the first semiconductor
chip CHIP1 are coupled to the second and third internal pads
IP21,1P22,1P23, IP31, IP32, and IP33 corresponding thereto
of the second and third through Nth semiconductor chips
CHIP2 and CHIP3.

Predetermined first through 3rd mput/output signals 1051,
I0S2, and 10S3 are recerved via corresponding pins of the
multi-chip package 1000. An mput/output signal for each
semiconductor chip 1s directly received by the corresponding,
input/output pad. The first through 3rd semiconductor chips
CHIP1, CHIP2, and CHIP3 indirectly receive the iput/out-
put signals I0S1-10S3 via the corresponding internal pads
IP11, IP12, IP13, 1P21, 1P22, 1P23, 1P31, IP32, and IP33,
which are coupled to each other.

According to the embodiment of FIG. 10, the input/output
pads, to which the mput/output signal 1s transmitted, are
dispersed 1n several chips in order to minimize the noise
caused by the iput/output pads of the semiconductor chip.

In the first embodiment of FIG. 6, a single input/output
signal IOS 1s transmitted to N (e.g. =3) semiconductor chips.
By comparison, 1n the third embodiment shown in FIG. 10, N
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input/output signals I0S1, I0S2, and IOS3 are transmitted to
N=3 semiconductor chips CHIP1, CHIP2, and CHIP3. Thus,
N=3 mput/output pads DQP11, DQP21, and DQP31 are
required.

The N=3 mput/output pads DQP11, DQP21, and DQP31,
to which the input/output signals IOS1, 10S2, and 10S3 are
directly transmitted, are dispersed 1n the N=3 semiconductor
chups CHIP1, CHIP2, and CHIP3, thereby enabling minimi-
zation of noise. Referring to FIG. 10, the input/output pad
DQP11, to which the first input/output signal IOS1 1s directly
transmitted, 1s installed on the first semiconductor chip
CHIP1. The first input/output signal 1051 1s indirectly trans-
mitted to the second and third semiconductor chups CHIP2,
and CHIP3 via internal pads IP11, IP21, and IP31.

The mput/output pad DQP21, to which the second nput/
output signal I0S2 1s directly transmitted, 1s installed on the
second semiconductor chip CHIP2. The second 1nput/output
signal 10S2 i1s indirectly transmitted to the first and third
semiconductor chips CHIP1 and CHIP3 wvia internal pads
IP12, IP22, and IP32.

The mput/output pad DQP31, to which the third mnput/
output signal IOS3 1s directly transmatted, 1s installed on the
third semiconductor chip CHIP3. The third input/output sig-
nal IOS3 1s indirectly transmitted to the first and second
semiconductor chips CHIP1 and CHIP2 via internal pads

[P13, IP23, and IP33.

The first through 3rd input/output signals I0S1, I0S2, and

I0S3 may be identical signals or respectively diflerent sig-
nals.

The first through 3rd semiconductor chips CHIP1, CHIP2,
and CHIP3 further include direct input/output pads DQP12,
DQP22, and DQP32, which directly receive a predetermined
external signal EXS input via corresponding pins (not shown)
of the multi-chip package 1000. The external signal EXS 1s
transmitted at a lower speed than the input/output signal 10S.

In stmilarity to the embodiment of FI1G. 9, 1n the multi-chip
package 1000 of FIG. 10, the signal may be transmitted to a
semiconductor chip depending on a feature of the signal by
using internal pads IP11, IP12, IP13, I1P21, IP22, IP23, IP31,
IP32, and IP33, or directly via direct input/output pads
DQP12, DQP22, and DQP32.

The internal pads IP11, IP12, IP13, IP21, IP22, IP23, IP31,

IP32, and IP33 can be coupled by using a common pad (not
shown) installed at a substrate, in similarity to the first
embodiment of FIG. 6. Also, the first through 3rd semicon-
ductor chips CHIP1, CHIP2, and CHIP3 may include delay
circuits (not shown) for controlling delay times of the mput/
output signals I0S1, 10S2, and IOS3, such that the mput/
output signals 1051, 1052, and 1083 received by the first
through 3rd semiconductor chips CHIP1, CHIP2, and CHIP3

are simultaneously input to the respective internal circuits.

FIG. 11 1s a diagram of a multi-chip package according to
a fourth embodiment.

The multi-chip package 1100 according to the fourth
embodiment comprises {irst and second semiconductor chips
CHIP1 and CHIP2, each of which includes a plurality of
input/output pads DQP11, DQP12, DPQ21, and DQP22, a
plurality of mput/output drivers (not shown) coupled to the

input/output pads, and an internal circuit (not shown). Each of
the first and second semiconductor chips CHIP1 and CHIP2

includes internal pads 1P11, 1P12, IP13, 1P14, 1P21, 1P22,
IP23, and IP24. The total number of internal pads used for
coupling the internal mput/output drivers (not shown) with
the 1internal circuits (not shown) equals the number of input/
output drivers (not shown). The plurality of internal pads
IP11, IP12, IP13, and IP14 in the first semiconductor chip
CHIP1 are coupled to the plurality of internal pads 1P21,
1P22, 1P23, and IP24 corresponding thereto in the 2nd semi-
conductor chip.

Among predetermined first through Mth (M>N, M 1s a

natural number) input/output signals I0S1-1054 recerved via
pins (not shown) of the multi-chip package 1100, the input/
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output signals are divided and transmitted directly to the
input/output pads of the first and second semiconductor chips
CHIP1 and CHIP2. The first and second semiconductor chips
CHIP1 and CHIP2 indirectly receive the other input/output
signals via the corresponding internal pads IP11, IP12, IP13,

IP14, IP21, 1P22, 1P23, and I1P24, which are coupled to each
other.

Here, we suppose that N 1s set to 2 and M 1s set to 4.

In the third embodiment shown 1n FIG. 10, 1f the number of
the input/output signals I0S1, 1052, and 10S3 1s equal to that
of the semiconductor chips CHIP1, CHIP2, and CHIP3, an
individual mput/output signal 1s directly transmaitted to only
one semiconductor chip, and the other input/output signals
are indirectly transmitted to the other semiconductor chips
via internal pads.

In the fourth embodiment shown in FIG. 11, 1n stmilarity to
the third embodiment, multiple input/output pads, to which
input/output signals are transmitted, are divided and installed
to reduce noise. However, unlike the third embodiment, the
number of the input/output signals 1s more than that of the
semiconductor chips. Stmilarly, 11 the input/output signals are
divided 1nto a proper number and then dispersed appropri-
ately 1n semiconductor chips, the noise can be minimized.

In FIG. 11, there are 4 mput/output signals 10S1, 10S2,
I0S3, and 10S4 and 2 semiconductor chips CHIP1 and
CHIP2. Thus, 11 2 input/output signals are applied to each
semiconductor chip, the noise caused by input/output pads, to
which the iput/output signals are transmitted, can be mini-
mized 1n each semiconductor chip.

The internal pads IP11, IP12, IP13, P14, IP21, 1P22, IP23,

and 1P24 can be coupled using a common pad (not shown)
installed at a substrate 1n similarity to the first embodiment
shown 1n FIG. 6. Also, the first and second semiconductor
chips CHIP1 and CHIP2 may 1include delay circuits (not
shown) for controlling delay times of the input/output signals
1081, 10582, 10583, and 1084, such that the input/output sig-
nals IOSl IOSZ IOSS and 1084 received by the first and
second semiconductor chips CHIP1 and CHIP2 are simulta-
neously mput to the respective internal circuits.

In similarity to the embodiment in FIG. 10, depending on a
feature of the signal transmitted to the multi-chip package
1100 of FIG. 11, the signal can be transmitted to a semicon-
ductor chip using the internal pads 1P11, 1P12, IP13, 1P14,
IP21,1P22,1P23, and IP24, or directly via direct input/output
pads. This can be embodied by installing the direct input/
output pads on each semiconductor chip as shown in FIG. 10.

FIG. 12 1s a diagram of a third example of a method of
connecting semiconductor chips in a multi-chip package
1200.

FIG. 12 illustrates only the first and second semiconductor
chuips CHIP1 and CHIP2. The coupling method will be
described using the first and second semiconductor chips
CHIP1 and CHIP2.

In FIG. 12, the first and second semiconductor chips
CHIP1 and CHIP2 are arranged face-to-face. In FIG. 12:
IP11, 1P12, IP21, IP22 are internal pads; DQP11, DQP12,
DQP21, DQP22 are mput/output pads; BUMP1, BUMP?2,
BUMP3, BUMP4 are first bumps; SDQP1 and SDQP2 are
wire bond pads; and WB1, WB2 are wire-bonds. On CHIP2,
wire bond pads SDQP1 and SDQP2 are connected to corre-
sponding input/output pads DQP21 and DQP22 by internal
connections CON1 and CON2.

The internal pads IP11 and 1P12 of CHIP1 are connected to
IP21 and IP22, respectively, of CHIP2 by means of first
bumps BUMP2 and BUMP3. Also the input/output pads
DQP11 and DQP12 of CHIP1 are connected to DQP21 and
DQP22, respectively, of CHIP2 by means of first bumps
BUMP1 and BUMPA4.

Meanwhile, the input/output pad DQP21 of CHIP2 is con-
nected to a corresponding terminal (e.g., a pin) of the package
by the internal connection CON1, wire bond pad SDQP1 and
wire bond WB1. Also, the input/output pad DQP22 of CHIP2
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1s connected to a corresponding terminal (e.g., a pin) of the
package by the internal connection CON2, wire bond pad

SDQP2 and wire bond WB2.

FIG. 13 1s a diagram of a fourth example of a method of
connecting semiconductor chips in a multi-chip package
1300.

FI1G. 13 1llustrates only the first and second semiconductor
chuips CHIP1 and CHIP2. The coupling method will be
described using the first and second semiconductor chips
CHIP1 and CHIP2.

In FIG. 13, the first and second semiconductor chips
CHIP1 and CHIP2 are arranged face-to-face. In FIG. 13:
IP11, IP12, IP21, IP22 are internal pads; DQP11, DQP12,
DQP21, DQP22 are input/output pads; BUMP1, BUMP?2,
BUMP3, BUMP4 are first bumps; TSV1 and TSV2 are
through silicon vias; and BUMP 5 and BUMP®6 are second
bumps. On CHIP2, through silicon vias TSV1 and TSV2
connect input/output pads DQP21 and DQP22 to correspond-
ing back pads disposed on the back of the semiconductor chip

CHIP2.

The internal pads IP11 and IP12 of CHIP1 are connected to
IP21 and IP22, respectively, of CHIP2 by means of first
bumps BUMP2 and BUMP3. Also the input/output pads
DQP11 and DQP12 of CHIP1 are connected to DQP21 and
DQP22, respectively, of CHIP2 by means of first bumps
BUMP1 and BUMPA4.

Meanwhile, the input/output pad DQP21 of CHIP2 1s con-
nected to a corresponding terminal (e.g., a pin) of the package
by TSV1 and second bump BUMPS, and mput/output pad
DQP22 of CHIP2 1s connected to a corresponding terminal
(c.g., a pin) of the package by TSV2 and second bump
BUMP&®.

FIG. 14 1s a diagram of a fifth example of a method of
connecting semiconductor chips in a multi-chip package

1400.

In FIG. 14, the semiconductor chips CHIP1 through
CHIPS are all arranged face-up. The internal pad IP11 of
CHIP1 1s connected to the internal pad 1IP21 of CHIP2 by
means of a through silicon via (TSV) connecting IP11 to a
back pad on the back of CHIP1, and the back pad of CHIP1 1s
connected to IP21 by a bump. IP31 is connected to IP21, IP41
1s connected to IP31, and IP51 1s connected to IP41 each in the
same mannet.

Meanwhile, IP51 of CHIPS 1s connected to a correspond-
ing terminal (e.g., apin) of the package by internal connection
CON1, a TSV, a back pad, and a bump connecting the back
pad of CHIPS and the package.

In one example, the method of connecting semiconductor
chips illustrated 1n FIG. 14 may be applied to the multi-chip
package 600 of FIG. 6. In particular, in FI1G. 6, CHIP1 directly
receives the signal IOS through input/output pad DQP11.
Similarly, 1n FIG. 14 CHIPS directly recetves a signal at an
input/output pad through a back pad, a bump, and a TSV.
Also, 1n FIG. 6 the signal 1s provided on CHIP1 from DQP11
to mternal pad IP11, and chips CHIP2~CHIPN recerve the
signal indirectly through a path from IP11~IPN1. Again,
similarly, 1n FIG. 14 the signal 1s provided on CHIP 3 from the
input/output pad to 1internal pad IP51, and chips
CHIP1~CHIP4 all recerve the signal indirectly through a path
from IP51~IP11.

FIG. 15 1s a diagram of a sixth example of a method of

connecting semiconductor chips in a multi-chip package
1500.

In FIG. 15, the semiconductor chips CHIP1 through
CHIPS are all arranged face-down. Otherwise, the connec-
tions of FIG. 15 are similar to those explained above with
respect to FIG. 14, and are further easily understandable from
ispecting the drawing, and so a detailed description thereof
1s omitted. Also 1n similarity to the method 1llustrated in FIG.
14, the method of connecting semiconductor chips illustrated

in FIG. 15 may be applied to the multi-chip package 600 of
FIG. 6.
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FIG. 16 15 a diagram of a seventh example of a method of
connecting semiconductor chips in a multi-chip package

1600.

In FIG. 16, the semiconductor chips CHIP1 through
CHIPS are all arranged face-up. The arrangement of FIG. 16
illustrates how a signal may be provided to any number of
chips CHIP1~CHIPS by any combination of internal pads
IP11~IP51, mput/output pads, and internal connections on
the chips.

In the specific example of FIG. 16, the signal 1s provided
from a corresponding terminal (e.g., a pin) of the package to
CHIPS by a pack pad on the back of CHIPS and a TSV from
the back pad to mnput/output DQP31. Then, the signal 1s
provided from CHIPS to CHIP4, and from CHIP4 to CHIP3,
by mput/output pads DQP31, DQP41, and DQP31, respec-
tively, 1n combination with bumps, and back pads and TSVs
of chips CHIP3~CHIP4. At CHIP3, the signal 1s provided
from 1nput/output pad DQP31 to internal pad IP31 by internal
connection CONI1. Then, the signal 1s provided from CHIP3
to CHIP2, and from CHIP2 to CHIP1, by internal pads on
chips CHIP1~CHIP3, 1n combination with bumps, and back
pads and TSVs of chips CHIP1 and CHIP 2.

As described above, the multi-chip package can improve
signal compatibility by maintaiming the parasitic load of a pin
to at least the level of a single chip, when a signal 1s transmit-
ted to the pin at high speed. Also, when a signal that 1s not
necessarily transmitted at high speed 1s applied to a pin,
semiconductor chips can be packaged according to the con-
ventional method.

While the present invention has been particularly shown
and described with reference to preferred embodiments
thereof, 1t will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What 1s claimed 1s:

1. A multi-chip device, comprising:

a package including a plurality of terminals;

N semiconductor chips, each of which includes an mput/
output pad, an input/output driver coupled to the mput/
output pad, an internal circuit, and an internal pad dis-
posed 1n a signal path 1n between the mput/output driver
and the internal circuit; and

one or more {irst connectors, each first connector coupling,
the internal pad of one of the N semiconductor chips to
the 1internal pad of another one of the N semiconductor
chips,

wherein the mput/output pad of a first one of the N semi-
conductor chips directly recerves an iput/output signal
transmitted via a corresponding one of the terminals of
the package, and

wherein a remaining (N-1) of the N semiconductor chips
indirectly receive the input/output signal via the internal
pads.

2. The multi-chip device as claimed 1n claim 1, wherein the
first connector includes a first bump which couples the inter-
nal pads to each other.

3. The multi-chip device as claimed 1n claim 2, further
comprising one or more second connectors coupling the
internal pad of one of the N semiconductor chips to the
internal pad of another one of the N semiconductor chips,
wherein the second connector includes,

a second bump; and

a Through Silicon Via (TSV) passing through one of the
semiconductor chips.

4. The multi-chip device as claimed 1n claim 3, wherein the
second connector further includes a back pad disposed on the
back of the semiconductor chip, wherein the TSV of an i”*
semiconductor chip couples the internal pad of the i semi-
conductor chip with the back pad of the i” semiconductor
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chip, and the second bump couples the back pad of the i”
semiconductor chip with the internal pad of an (i+1)” semi-
conductor chip.

5. The multi-chip device as claimed 1n claim 1, wherein the
input/output pad of the first semiconductor chip 1s coupled
with the corresponding terminal of the package using one of
the first connector and a second connector.

6. The multi-chip device as claimed 1n claim 5, wherein the
first connector includes a first bump which couples the inter-
nal pads each other.

7. The multi-chip device as claimed 1n claim 5, wherein the
second connector includes, a second bump; and a Through
Silicon Via (TSV).

8. The multi-chip device as claimed 1n claim 1, wherein the
N semiconductor chips are stacked on each other, and the first
semiconductor chip 1s located on a bottom of the N semicon-
ductor chips adjacent the package.

9. The multi-chip device as claimed 1n claim 1, wherein the
N semiconductor chips are stacked on each other, and the first
semiconductor chip 1s separated from the package by at least
one other semiconductor chip.

10. A multi-chip device, comprising:

a package including a plurality of terminals;

N semiconductor chips, each of which includes an mput/
output pad, an input/output driver coupled to the mput/
output pad, an internal circuit, and an internal pad dis-
posed 1n a signal path 1n between the input/output driver
and the internal circuit; and

at least one first connector or second connector, each said
connector coupling the internal pad of one of the N
semiconductor chips to the internal pad of another one of
the N semiconductor chips,

wherein the first connector includes a first bump, and the
second connector mcludes a second bump and a
Through Silicon Via (TSV),

wherein the iput/output pad of a first one of the N semi-
conductor chips directly recetves an input/output signal
transmitted via a corresponding one of the terminals of
the package, and

wherein a remaining (N-1) of the N semiconductor chips
indirectly recetve the input/output signal via the internal
pads.

11. The multi-chip device as claimed 1n claim 10, wherein
the internal pads of semiconductor chips which are arranged
face to face are coupled to each other using the first connector,
and the 1nternal pads of semiconductor chips which are not
arranged face to face are coupled to each other using the
second connector.

12. The multi-chip device as claimed 1n claim 10, wherein
the input/output pad of the first semiconductor chip 1s coupled
with the corresponding terminal of the package using one of
the first connector and the second connector.

13. The multi-chip device as claimed 1n claim 12, wherein
the input/output pad of the first semiconductor chip 1s coupled
with the corresponding terminal of the package using the first
connector when the first semiconductor chip and the package
are arranged face to face.
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14. A multi-chip device, comprising:
a package including a plurality of terminals;

N semiconductor chips, each of which includes an mput/
output pad an input/output driver coupled to the mput/
output pad, an internal circuit, and an internal pad dis-
posed 1n a signal path in between the input/output driver
and the 1nternal circuit; and

one or more {irst connectors, each first connector coupling
one of the internal pad and the input/output pad of one of
the N semiconductor chips to one of the internal pad and
the mput/output pad of another one of the N semicon-
ductor chips,

wherein the mput/output pad of a first one of the N semi-
conductor chips directly recetves an input/output signal
transmitted via a corresponding one of the terminals of
the package,

wherein the internals pads of another X of the N semicon-

ductor chips indirectly recerve the mput/output signal;
and

wherein a remaining (N-X-1) of the N semiconductor
chips indirectly receive the mput/output signal via the
input/output pads.

15. The multi-chip device as claimed 1n claim 14, wherein
the first connector includes a first bump which couples the
internal pads or the input/output pads to each other.

16. The multi-chip device as claimed 1n claim 15, further
comprising one or more second connectors coupling one of
the mternal pad and the mput/output pad of one of the N
semiconductor chips to one of the internal pad and the input/
output pad of another one of the N semiconductor chips,
wherein the second connector includes,

a second bump; and

a Through Silicon Via (TSV) passing through one of the
semiconductor chips.

17. The multi-chip device as claimed 1n claim 16, wherein
the second connector further includes a back pad disposed on
the back of the semiconductor chip, wherein the TSV of an i”*
semiconductor chip couples the internal pad or the put/
output pad of the i”* semiconductor chip with the back pad of
the i”” semiconductor chip, and the second bump couples the
back pad of the i”” semiconductor chip with the internal pad or
input/output pad of an (i+1)” semiconductor chip.

18. The multi-chip device as claimed 1n claim 14, wherein
the input/output pad of the first semiconductor chip 1s coupled
with the corresponding terminal of the package using one of
the first connector and a second connector.

19. The multi-chip device as claimed 1n claim 18, wherein
the first connector includes a first bump which couples the
internal pads each other.

20. The multi-chip device as claimed in claim 18, wherein
the second connector 1includes,

a second bump; and
a Through Silicon Via (TSV)
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